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PersonasPurpose: Despite years of effort and millions of dollars spent to create uniﬁed electronic communicable
disease reporting systems, the goal remains elusive. A major barrier has been a lack of understanding by
system designers of communicable disease (CD) work and the public health workers who perform this
work. This study reports on the application of user-centered design representations, traditionally used
for improving interface design, to translate the complex CD work identiﬁed through ethnographic studies
to guide designers and developers of CD systems. The purpose of this work is to: (1) better understand
public health practitioners and their information workﬂow with respect to CD monitoring and control
at a local health agency, and (2) to develop evidence-based design representations that model this CD
work to inform the design of future disease surveillance systems.
Methods: We performed extensive onsite semi-structured interviews, targeted work shadowing and a
focus group to characterize local health agency CD workﬂow. Informed by principles of design ethnogra-
phy and user-centered design we created persona, scenarios and user stories to accurately represent the
user to system designers.
Results: We sought to convey to designers the key ﬁndings from ethnographic studies: (1) public health
CD work is mobile and episodic, in contrast to current CD reporting systems, which are stationary and
ﬁxed, (2) health agency efforts are focused on CD investigation and response rather than reporting and
(3) current CD information systems must conform to public health workﬂow to ensure their usefulness.
In an effort to illustrate our ﬁndings to designers, we developed three contemporary design-support
representations: persona, scenario, and user story.
Conclusions: Through application of user-centered design principles, we were able to create design
representations that illustrate complex public health communicable disease workﬂow and key user
characteristics to inform the design of CD information systems for public health.
 2013 Elsevier Inc. All rights reserved.1. Introduction
Despite years of effort and millions of dollars spent to create
uniﬁed electronic communicable disease reporting system, the
goal remains elusive. The timely monitoring and control of com-
municable infectious diseases is critical to maintaining the health
of communities and is a primary activity of local health agencies
(LHA) [1]. Post 9/11, the application of information technology
(IT) to support disease monitoring efforts at public health agencies
has been a high priority [2]. However, efforts to implement com-municable disease (CD) information systems into public health
practice have been slow, with costly mistakes [3]. Independent
implementations of in-house and commercial-off-the-shelf tech-
nology have resulted in great variability in purpose, function and
capacity of these CD information systems [4,5]. As a result, effec-
tive and efﬁcient surveillance systems that support CD work re-
main a goal of the future.
Research into the factors that inﬂuence the adoption of IT in
clinical healthcare suggests that adoption is hindered by economic
barriers, contextual barriers, lack of training, user resistance, policy
constraints, and legal constraints [6–9]. System design and usabil-
ity are important to the adoption of health IT. A systematic review
of usability methods used in health informatics found that the
majority of studies failed to report an explicit qualitative design
approach, focused only on a single aspect of the work environment,
and rarely used task and/or workﬂow analysis to contextualize the
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stages of design [10]. To reduce barriers introduced at the early
stages of system design, design approaches that address these
oversights are necessary.
Over the last several years, we have seen increased efforts to
improve interoperability and electronic data exchange between
public health agencies and clinical systems [11]. However, bud-
get cuts and resource constraints [12] have limited the ability
of staff to dedicate time to provide input into the design of
information systems used in their work. Despite recent state-
level improvements in disease surveillance capacity enabled by
information systems, tools and representations to assist system
designers in understanding CD work at the local level are
needed.
Recent research that characterized barriers to the work of dis-
ease surveillance recommended further study of public health
information work and inclusion of public health practitioners in
the early stages of system design [13]. User-centered design has
been used to explore interface design for public health services
during emergencies [14], to develop tools that visualize simulated
outbreaks for disease detection and control training [15] and to
create research tools for data mining and visualizations of health
data [16]. However, these studies focused primarily on applying
user-centered design for improving functionality of interphase
design of an existing system. They do not address the need for
a more complete understanding of disease surveillance case
investigation workﬂow nor do they demonstrate how user-cen-
tered design methodology can be used to produce veriﬁed design
artifacts that illustrate to designers the users, tasks and context of
public health work early in the system design process. Therefore,
this study was conducted to ﬁll the gap in knowledge regarding
CD investigation and reporting information workﬂow and apply
user-centered design to inform system designers about users of
CD systems.
1.1. Aims of the study
To address this problem our study had two aims:
(1) Describe the work processes, inﬂuences and environment of
CD monitoring and control at an LHA.
(2) Based on the data produced by the ﬁrst goal, develop both
traditional and novel evidence-based design representations
that model CD monitoring and control as references for sys-
tem designers to inform design of future disease surveillance
systems.
To achieve our ﬁrst aim, we conducted a workplace ethno-
graphic study to produce workﬂow diagrams and descriptions of
themes that inﬂuence work. To achieve our second aim we em-
ployed methods of design ethnography and user-centered design
to produce personas, scenarios of use and user stories to convey
key ﬁndings based on the workﬂow analysis. We describe here
the initial ethnographic studies of CD information workﬂow at a
Washington State LHA and the application of user-centered design
as a novel way to represent these ﬁndings to designers.
1.2. Workﬂow and design
The workﬂow diagram is a common representation from tradi-
tional task analysis [17–19] that schematically presents structures
and relationships of work tasks in a ﬂowchart. Workﬂow studies
can include people [20], groups [21,22], context of work [23], and
human values and beliefs [24]. The use of ethnographic methods
and thematic analysis can complement workﬂow diagrams with
descriptions of themes of work [23]. Design ethnography is a researchpractice that draws on traditional ethnography and focuses on
common patterns that are important to the design of information
systems [25]. A form of action research, design ethnography
focuses closely on discovering opportunities for design interven-
tions in the situation under study. To make research ﬁndings as
vivid as possible to designers, user-centered design offers alterna-
tive forms of representation for user and workﬂow data. Three
common representations of user/task data in forms that are useful
to designers are personas [14,26], scenarios [14,27–29], and, more
recently, user stories [30,31] (see Table 1 for deﬁnitions). These rep-
resentations have been used primarily to describe user behavior
for improving Internet interface design. These representations
have not heretofore been used in public health informatics
research to represent users and complex workﬂow to designers
early in the process of developing CD systems.2. Methods
In this section we discuss the study setting, participants, data
collection, and data analysis.2.1. Setting
Kitsap County Health District (KCHD) is one of 35 LHAs in the
state of Washington. It is located in Bremerton, Washington on
the Kitsap Peninsula in the western part of Washington State. Kit-
sap County has a population of approximately 250,000 and is char-
acterized by a mixture of urban and rural areas, with a large naval
population and two Northwest Indian tribes. KCHD has 124 FTE
and is classiﬁed as a medium-sized LHA (size classiﬁcation is de-
ﬁned in terms of population served; medium = 50,000–499,999
[32]). KCHD provides the following major community services:
parent-child health services; clinical services; communicable dis-
ease and HIV/AIDS services; environmental health services; health
promotion and health education programs; and community
assessment. At the time of primary data collection, KCHD had re-
cently adopted a new statewide information system to support
CD activities.2.2. Participants
Eleven participants were recruited from LHA personnel based
on their job roles in CD programs, including the Sexually Transmit-
ted Disease (STD) Program, the HIV/AIDS program, and Environ-
mental Health. Participants provided data through a variety of
methods including initial informant interviews, semi-structured
interviews, selected work shadow observations, and a focus group.
Table 2 shows participants by job role and the data collection
methods with which they were engaged.2.3. Data collection
A mixed methods approach to data collection was used in order
to triangulate our understanding of CD activities at the LHA. Inter-
view data were collected over a 3-month period in the autumn of
2006. Selected work shadow observations and a focus group were
used to triangulate and validate our interview ﬁndings. Principle
members of the research team have maintained a relationship with
participants at the study setting since that time. All study instru-
ments and protocols were approved by the Institutional Review
Board (IRB) of the University of Washington. Informed consent
was obtained from all participants prior to conducting interviews,
observations and the focus group.
Table 1
Deﬁnitions of design representations.
Design
representation
Description
Persona A persona is a detailed data-driven description of an
imaginary person that focuses on the motivating values,
judgment processes, pressures, and tradeoffs of workers.
The goal is to share understanding of users among
designers during the design process and to support design
decision-making
Scenario of use A scenario of use focuses on bringing the context and
actions of the user into the design process. A scenario of use
is a story with a plot about people and their activities
including actions, events and settings
User story A user story is an extremely brief narrative from Agile
Development that describes a speciﬁc work activity of a
single worker and situation. User stories generally conform
to the following format: ‘‘As a htype of useri, I want hsome
goali so that hsome reasoni’’ [31]
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We began the study with two preliminary interviews to rapidly
collect data about the study setting, familiarize ourselves with the
organizational context of the LHA and identify key informants [33].2.3.2. Primary data collection: semi-structured interviews
An interview guide was developed by two researchers based on
prior LHA research studies [34] and information obtained from the
two initial interviews. Questions were designed to explore tasks in-
volved in CD activities including CD data collected, modes of data
transfer, forms and technologies used, information resources, and
people involved in carrying out CD activities.
Researchers working as a team conducted onsite, hour-long,
individual semi-structured interviews with nine LHA employees
involved in CD activities. Each interview was recorded using a Sony
digital audio recorder. Researchers took ﬁeld notes, photographed
participant work spaces and collected artifacts such as forms, notes
and guidelines used to carry out CD reporting activities.2.3.3. Work shadow sessions
To document activities and gather more detailed data about
speciﬁc tasks described in the interviews, two researchers engaged
in two half-day work shadow observations [35] with the primary
CD nurse epidemiologist and the main switchboard operator. Par-
ticipants were chosen for shadowing based on the pivotal roles
they play in CD work processes. Researchers used cameras and col-
lected detailed notes during the observations. Because CD report-
ing activities were episodic, yet involved repetitive tasks, we
observed participants on two afternoons that we had been in-
formed would include those activities.Table 2
Study participants and data collection methods.
Participant Job role Primary data collection
Initial informant interview Semi-struct
Participant 1 Epidemiologist U U
Participant 2 Senior Administrator U U
Participant 3 Nurse Epidemiologist – U
Participant 4 Nurse Epidemiologist – U
Participant 5 Env Health Specialist – U
Participant 6 Operator – U
Participant 7 Nurse Epidemiologist – U
Participant 8 Program Manager – U
Participant 9 Epidemiologist – U
Participant 10 Epidemiologist – –
Participant 11 Program Manager – –2.4. Data analysis
Interviews were transcribed by a professional transcriptionist
and yielded 462 pages of transcripts. Photos taken during the work
shadow sessions were printed. Interview transcripts and photos
were reviewed and discussed by three researchers to identify key
workﬂow processes and to develop an initial coding scheme. The
interview transcripts were then coded, and key themes related to
CD work were identiﬁed.
2.4.1. Preliminary workﬂow analysis
Three researchers conducted a preliminary workﬂow analysis of
interview transcripts, ﬁeld notes, photos, and documents. The
resulting workﬂow diagram identiﬁed ‘‘triggers’’ (initiations of
contacts with the public health agency), actors, modes of informa-
tion transfer, and business processes. An initial workﬂow diagram
of CD monitoring and control was created and outstanding ques-
tions were identiﬁed.
2.4.2. Thematic analysis
Building on the results of the workﬂow analysis, two research-
ers conducted iterative content analysis of interview transcripts to
identify common themes that inﬂuenced CD work using the coding
scheme that was developed during the workﬂow analysis (see Sec-
tion 2.4). Key tasks, values, barriers and facilitators to CD work
were identiﬁed. Photos and ﬁeld notes were reviewed in the con-
text of emerging themes [38]. Discrepancies between the two cod-
ers were resolved through consensus [38,39].
2.4.3. Workﬂow validation
In keeping with CDC recommendations to gather stakeholder
feedback during evaluations of surveillance systems [36], two
researchers conducted a follow-up focus group [37] with four par-
ticipants to perform member checks (validation of ﬁndings
through participant feedback) of the initial workﬂow diagram
and validate our understanding of the characteristic themes re-
lated to CD monitoring and control. The focus group lasted 2 hours
and took place at the study setting. The session was recorded using
a digital audio recorder. The focus group included two participants
who had participated in individual interviews and two additional
employees (see Table 1). Participants were asked to think about
CD information workﬂow at the beginning of the session. They
were then shown a projection of the initial CD information work-
ﬂow diagram and asked to provide oral feedback regarding it. Par-
ticipants were also provided with individual print copies of the
initial workﬂow diagram and asked to make written modiﬁcations
to their print copies where pertinent. Based on the focus group
feedback, only minimal changes to the workﬂow diagram were
needed. The identiﬁed characteristics and themes of CD work were
described and participant responses were noted. The ﬁnalValidation
ured Interview Work shadow observation Workﬂow diagram focus group
– –
– U
U U
U –
– –
– –
– –
– –
– –
– U
– U
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Washington Laboratory for Usability Testing and Evaluation (LUTE)
in the Department of Human Centered Design & Engineering.2.4.4. Data representations for design process
The activities from Aim 1 produced a workﬂow diagram and
descriptions of themes that inﬂuenced work. However, these ab-
stract representations of CD tasks failed to illustrate the values
and context of the users in the ‘‘designer-friendly’’ formats cur-
rently being discussed in user-centered design. To augment the
workﬂow diagrams and descriptions of themes, we applied design
ethnography and user-centered design principles to create a per-
sona, scenario and user stories. Design ethnography relies on ﬁeld
observation that produces qualitative data, which are increasingly
used in public health research [38]. However, design ethnography
goes beyond the aims of traditional ethnography to focus on dis-
covering design opportunities and to represent people and work
in ways that serve as a foundation for the planning and design of
information systems. These design representations are constructed
from the same data sources as workﬂow diagrams and descriptive
themes resulting from thematic analysis but aim to humanize
work processes with concrete descriptions of people, activities
and context. The goal is to be immediately useful during the design
process to envision the impacts of tradeoffs in design decisions.
Creating persona, scenario and user story: Based on the results
of our ethnographic studies, the research team identiﬁed key char-
acteristics, practices, motivations and needs of CD nurse investiga-
tors that should to be taken into consideration by designers
developing CD reporting systems. Using a persona template similar
to those described for technical design we created the CD nurseFig. 1. Notiﬁcation phase.
Fig. 2. Investigation phase.
Fig. 3. Response phase.epidemiologist persona based on characteristics and tasks identi-
ﬁed from the coded interview transcripts. The scenario was created
as a composite of activities described, photographed, and observed
through reading the transcripts and notes taken during observa-
tion. The user stories were derived from the same data using the
user-story models provided by Cohn [31]. Representations were
Fig. 4. Reporting phase.
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They were then reviewed by interview participants for feedback
and validation.
3. Results
We present the results of our investigation below, organized by
our two aims.
3.1. Aim 1: Description of practitioners, processes, inﬂuences and
environment
The results for Aim 1 include ﬁnal workﬂow diagrams and
description of themes that inﬂuence work.
3.1.1. Final workﬂow diagrams
CD workﬂow was divided into four main phases: notiﬁcation,
investigation, response, and reporting. A ‘‘notiﬁable condition’’ is
an infectious disease that must by law be reported to the State
Department of Health (DOH). Characteristics of tasks and data col-
lection performed by a CD nurse epidemiologist (CD nurse) during
each phase are described below. A list of potential activities is gi-
ven in the task box where several alternatives for a given task exist
(ex. Fig. 2).
3.1.1.1. Notiﬁcation. Notiﬁcation refers to the process whereby
LHAs were informed by community health care providers, hospi-
tals, clinical laboratories, and, occasionally, community members
of the occurrence of a CD of potential public health importance
(see Fig. 1). Cases were reported by phone, fax and the DOH online
notiﬁcation system, PHRED (Public Health Reporting of Electronic
Data) [39]. Once notiﬁed of a potentially signiﬁcant CD, nurses
determined whether the case was within their local jurisdiction
and if it was a notiﬁable condition. Cases outside the jurisdictionwere rerouted to the appropriate authority. If the case involved a
notiﬁable condition, the LHA followed a formal process of investi-
gation and reporting. Any case with an unknown etiology required
further investigation to identify the infectious agent. In cases
where the infectious etiology remained unknown or involved a
non-notiﬁable condition, an investigation may have been con-
ducted but the formal, state-mandated process of investigation
and reporting was not required. Participants estimated that only
10% of reported cases regarding infectious diseases involved notiﬁ-
able conditions. Once it was determined that the case involved a
notiﬁable condition, the speciﬁc form required for reporting the
condition was retrieved and printed from the DOH website. During
the investigation phase, this form served as a working document
for data collection.
3.1.1.2. Investigation. Investigation involved gathering the details
of the case from providers, labs, and the patient and family (see
Fig. 2). Before contacting the client, the CD nurse conﬁrmed the
case with the provider and made sure the patient was aware of
the diagnosis. The CD nurse collected information from the pro-
vider and patient regarding patient contact information, the timing
of symptoms, exposure, potential contacts, lab results, and risk fac-
tors related to the occurrence of the infection. This process, which
often took place over a matter of days, required numerous phone
calls to multiple individuals and agencies. Information regarding
the case was gathered, generally by phone or fax, from the commu-
nity provider, clinical laboratories, hospitals, patients, and their
families. Data were entered on the printed notiﬁable condition
form as they were collected.
3.1.1.3. Response. Response was closely tied temporally to the
investigation phase (see Fig. 3). Response involved informing
patient(s) about disease management and exposure concerns,
referring them to the appropriate health care provider, and con-
sulting with the physician to ensure appropriate treatment of the
patient and possible contacts. If the investigation uncovered addi-
tional cases it would require the initiation of new case investiga-
tions. Response could include notifying schools and work places
of potential exposures, informing the media, or conducting com-
munity educational activities. The CD nurse may have consulted
with state infectious disease experts, the district health ofﬁcer, or
other resources to learn more about appropriate treatment and
exposure management. Data collected about the case continued
to be recorded on the print copy of the notiﬁable conditions form.
Handwritten notes were made in the margins and on sticky notes
attached to the form. The working form was handed off to the cov-
ering CD nurse if the primary CD nurse had a day off or was on
vacation.
3.1.1.4. Reporting. Reporting consisted of completing the notiﬁable
conditions form and sending the results of the case investigation to
the DOH for aggregation and analysis (see Fig. 4). The reporting
process could involve following up with the media, schools, and in-
volved workplaces. Once the data were entered and a follow-up
had occurred, a copy of the case was printed, and the paper forms,
working documents, and notes gathered about the case were ﬁled
manually. At this point, the case was considered closed.
Traditionally, the completed form was mailed or faxed. New
technology meant the data for many notiﬁable conditions were
being manually entered from the print form into a new online
reporting system called PHIMS (Public Health Issue Management
System) [40]. At the time of this study, all notiﬁable conditions
except sexually transmitted diseases, HIV, and tuberculosis were
being reported through PHIMS. The others were still reported by
fax or mail.
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Four themes that inﬂuenced CD work at the LHA were identi-
ﬁed: communication with stakeholders and the inﬂuence of unwrit-
ten policies on communication; the mobile, episodic nature of work;
public health personnel focus on investigation and response phases
over reporting; and the role and response to IT on CD monitoring
and control. Table 3 shows illustrative quotes for factors of each
theme.3.1.2.1. Communication with stakeholders. Effective CD monitoring
and control required ongoing communication between LHA per-
sonnel and stakeholders such as health care providers, health lab-
oratories, and members of the public. The nature of such
communication was inﬂuenced by stakeholder role. Communica-
tion within the LHA was also shaped by two unwritten policies:
taking steps to facilitate person-to-person communication and respect
for how clients tell their stories.
Although required by law to report notiﬁable conditions, partic-
ipants speculated that health care providers may view notifying
the LHA or returning follow-up calls during the investigation phase
as low priority if they are busy with patient care or other tasks.
Health laboratories are also required to report positive results of
tests for notiﬁable conditions. Participants observed that compli-
ance with reporting requirements was generally much higher for
health laboratories than for providers. Members of the public also
called to report problems or events. The more common role played
by members of the public is that of client, someone who may have
contracted a reportable CD. A substantial portion of CD nurse com-
munication occurred with clients during the investigation and re-
sponse phases.
The ﬁrst unwritten policy was that CD nurses were always
available during the day to receive case reports by phone from pro-
viders and laboratories or calls from members of the public. Calls
from community health providers were routed by an operatorTable 3
Illustrative quotes for themes that inﬂuence communicable disease work.
Theme Factor
Communication with stakeholders Priority of reporting
Person-to-person communication
Mobile, episodic nature of work Variable workﬂow
Paper-based documentation
Focus on investigation and response Prevention
Treatment
Effects of information technology Poor interaction design
Lack of standards and integrationthrough the health agency switchboard or taken through direct
phone contact. If the primary CD nurse was unable to take the call,
the switchboard operator located another available CD nurse. The
second unwritten policy was that of respect for how people choose
to tell their stories, especially during the investigation and
response phases. CD nurses did not like to interrupt the ﬂow of
conversation with clients, both out of consideration for the speaker
and because of the perception that information was communicated
more freely without interruption.
3.1.2.2. Mobile, episodic nature of work. The emphasis on direct
communication meant that when a call came in, the call was an-
swered. Inevitably, these work interruptions imparted a ‘‘drop
everything’’ quality to the enacted work of CD monitoring and con-
trol. During any single day CD nurses could receive dozens of
phone calls, while at the same time performing home visits,
administering clinic treatments, and taking samples to the state
laboratory.
A working document in the form of a printed notiﬁable condi-
tions form was important during the investigation and response
phases of CD workﬂow. CD nurses relied on having a mobile, easily
portable, updateable, and transferable way of storing and convey-
ing information. The paper working document allowed the CD
nurses to make notes wherever they happened to be and was used
to convey information from the point of collection to a secure com-
puter at the LHA. CD nurses used the working document both as a
personal memory aid and as a way to hand off information to other
CD personnel for follow-up. It was also used to keep notes about
processes during the investigation phase, such as the number of
times calls were attempted, not just the ﬁnal outcome.
3.1.2.3. Focus on investigation and response. CD workﬂow at the LHA
was shaped by a fundamental difference between the views of the
local and state health agencies about the perceived mission andIllustrative quote
‘‘Clinicians aren’t maybe motivated to ‘waste their time’. . . I’ve certainly
been on the phone where I’m trying to pull this information out of busy
clinicians who just don’t want to take the time to report it.’’
– Senior Administrator
‘‘The point is that all calls get operator answered immediately and that you
don’t get answering machines and get that frustration.’’
– Senior Administrator
‘‘I’ve been to people’s houses, I’ve met them at McDonald’s, I send them
letters, I call them. I was very fortunate, the Health District gave me a cell
phone number so that people can call me later in the day,. .. and I’ve had a
lot of good luck getting hold of people at 7 o’clock in the morning and then
later in the evening.’’
– CD Nurse Epidemiologist #4
‘‘Having something to at least write notes on is good, because it does take
sometimes several hours or sometimes even days to get back.’’
– CD Nurse Epidemiologist #1
‘‘Yes, counting the numbers is important at the end of the day, but the goal
is to prevent further outbreaks.’’
– Senior Administrator
‘‘My main focus is to contact people, make sure they’re getting treated and
getting their partners treated.’’
– CD Nurse Epidemiologist #4
‘‘The ideal would be to just put it in[data into the computer] as you are
going and not be duplicating, because that is what we are trying to get
away from. But, you know interviewing people, I can’t say, oh well, wait
I’m going to get to that[later] because it is not in the order of my form.’’
– CD Nurse Epidemiologist #2
‘‘If you’ve got TB, it’s one reporting system. If you’ve got salmonella it’s
another reporting system. If you’ve got AIDS it’s another reporting system.
And God forbid you have STDs, it’s another reporting system.’’
– Senior Administrator
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of the LHA, agency personnel placed greater emphasis on the
investigation and response phases over the reporting phase.
Reporting was seen as ‘‘after the fact,’’ and not perceived as urgent.
When new notiﬁcations come in, they were assigned a higher
priority than reporting resolved cases. This resulted in a backlog
of reporting to the state.
3.1.2.4. Role and response to IT. Technology inﬂuenced how com-
municable work was done. LHA personnel relied heavily on tele-
phony through various systems including the health agency
switchboard, landlines and mobile phones. In addition, health
department personnel accessed many different information sys-
tems using personal computers. Two of these systems were PHRED
[39], the DOH online laboratory notiﬁcation system undergoing a
pilot test, and PHIMS [40], the recently adopted DOH online CD
reporting system. However, there were issues with DOH systems
related to integration, data entry and designs that did not support
local workﬂow for CD monitoring and control. For example, report-
ing forms differed for each notiﬁable condition and, therefore,
online reporting processes were correspondingly different. Lack
of standardization was perceived as a persistent problem in public
health systems design.
The primary barrier was that PHRED and PHIMS were separate
systems without data exchange capability. Health agency person-
nel were forced to do duplicate data entry because laboratory re-
sults did not feed from PHRED into PHIMS. The concept of a
working document was not supported in PHIMS. As previously
noted, CD nurses downloaded and printed the speciﬁc notiﬁable
conditions form, once it was established that it was a reportable
notiﬁable condition. This paper copy was used throughout the
reporting phase. A driver for retaining the working document is
that DOH information systems did not support remote login for
security reasons. As reported previously [34], before the introduc-
tion of PHIMS, CD nurses mailed or faxed printed notiﬁable condi-
tions forms to the DOH. As a result, PHIMS had shifted the task of
data entry for reporting from the state DOH to LHAs. CD nurses
preferred to have a case completed and ‘‘all the ducks in a row’’
before providing data to another agency; this desire also led them
to postpone entering any data until they had all of it, in its ﬁnal
form. Because of technical difﬁculties in using the system, they felt
they needed quiet uninterrupted time for computer data entry – a
challenge given the interrupted nature of their work.
3.2. Aim 2: Development of design representations
This study was undertaken as an effort to address the gap in
knowledge about case investigation workﬂow and the need to en-
gage disease surveillance professionals in the design of systems that
support their work. Aim 2 builds on descriptions of CD workﬂow
from Aim 1. We employed user-centered design, design principles
often used to represent users for interface design, to create three
additional renderings ofworkﬂowdata in the formof a persona, sce-
nario anduser story. The contributionsofAim2 is thedemonstration
of methods to understand disease surveillance workﬂow in context
and provision of sample outputs of those methods.
The persona was created based on characteristics and tasks
identiﬁed from the coded interview transcripts [26]. The example
of a scenario of use was developed in accordance with the princi-
ples of scenario-based design [27,28]. The scenario itself was se-
lected to conform to two requirements: ﬁrst, it had to involve
several different dimensions of the work—in this case, enacted val-
ues, informal individual work strategies, and steps required by law
or policy; and second, the level of complexity of the work process
had to be low so that it could be represented brieﬂy. The user story
was developed in accordance with the principles and templates de-scribed in [31], especially with regard to the syntactic format of the
elements to be included. In this case, the rules for the representa-
tion itself insisted on brevity; in addition, the story had to be told
from the ﬁrst-person point of view of a speciﬁc user group and had
to cover only a single uniﬁed activity.
3.2.1. Persona
The following persona (Fig. 5) is a composite drawn from the
data collected about several CD nurse epidemiologists at the LHA.
3.2.2. Scenario
The following scenario of use (Fig. 6) describes a call from a
health care provider to report a notiﬁable condition. The call is
handled by the switchboard operator at the LHA.
3.2.3. User stories
In the following two examples of ‘‘Agile’’ user stories (Fig. 7),
note that each story is told in the ﬁrst person with the relevant
type of user speciﬁed, one uniﬁed user activity accompanied by
minimally sufﬁcient information about the key user values and
contextual details.
3.2.4. Validation of design representations
The persona, scenario and user stories were validated with the
primary CD nurse at the study setting in June 2012. An inquiry
about the status of processes and technology made at this time re-
vealed that while no major changes in workﬂow or systems had
been made since our last project update, most lab results now ar-
rived electronically through PHRED, rather than by fax [40]. How-
ever, the PHRED system did not feed into the electronic reporting
system (PHIMS) and remote access to PHIMS was still not possible.
4. Limitations of the study
While using a case study design provided a detailed description
of the tasks and processes involved in CD activities, the results may
not be generalizable to other public health settings [41]. A limita-
tion with ethnographic studies can be researcher bias in the anal-
ysis and interpretation of results. To minimize bias, the transcripts
were reviewed and coded by more than one researcher. In addition,
we validated our results through performing member checks and
selected work shadow observations.
5. Discussion
This study was undertaken to ﬁll the gap in knowledge with re-
gard to disease surveillance case investigation workﬂow and to
demonstrate methods to design case investigation information
systems. Towards that end, we implemented workﬂow and task
analysis, thematic analysis, design ethnography, and user-centered
design to understand work processes and to construct evidence-
based design representations of communicable disease workﬂow
in a medium-sized local health agency. The novel contributions
of this study are an increased understanding of case investigation
workﬂow and demonstration of the design methods to support it,
which were created by engaging disease surveillance professionals
in the design process. Given the resource constraints of public
health, there is a critical need for approaches that ensure the suc-
cessful adoption of information systems into public health practice.
The evidence-based design representations reported in this study
were developed as example references for system designers and
public health informaticians for use in these efforts.
The long-term goal of this work is to encourage the creation of
information systems based on user-centered design and design
ethnography to ultimately improve health outcomes through more
Fig. 5. Persona of a nurse epidemiologist.
Fig. 6. Scenario of a notiﬁable condition report to switchboard operator.
Fig. 7. Example user stories.
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has not been met in the past. For instance, the automated systems
already in use in the setting we studied (PHIMS and PHRED) were
designed to improve the efﬁciency of notiﬁable condition report-
ing, and in particular, to overcome inefﬁciencies in information
transfer and delays in reporting. However, these efﬁciencies were
not realized, in part because of the failure of the systems designers
to align the system properly with actual CD work. For example, the
lack of interoperability between PHRED and PHIMS and the trans-
fer of responsibility for data entry from the state (based on paper
documents received from the LHA) to the local health agencies
(done online) led to new inefﬁciencies in the system. Furthermore,
because data entry had to be done only on speciﬁc desktop com-
puters, the added task of data entry required several hours of unin-
terrupted computer time. Given the mobile and disparate nature of
CD work, this resulted in delays in reporting of days or even of
weeks.
We believe that the approach and methods demonstrated in
this study can be useful to understand public health work and
illustrate to designers key characteristics that must be taken into
consideration in system design. More speciﬁcally, the ﬁndings
from our studies suggest the following:
a. Washington State DOH online notiﬁcation systems should
be linked to online case reporting systems to minimize man-
ual data entry.
b. Current mobile technologies should be used for reporting
because they better complement the mobile and episodic
nature of CD work.
c. The system user interface should offer a ‘‘working’’ docu-
ment that can be easily updated and shared among CD
investigators. It should also allow for multiple cases to be
open at once.
To avoid introducing unnecessary user problems during design,
user representations should vividly illustrate for system designers
the requirements and constraints of CD work. During our data
analysis process, we encountered the problem of building a model
of the work at a sufﬁciently high level to show its overall structure,
while at the same time preserving the details of the enacted work
that inﬂuenced decisions about the use of information technolo-
gies. The ﬁve representations of the data derived from our study
(workﬂow diagram, thematic analysis, persona, scenario, and user
stories) allowed us both to provide a high-level model of the work
as well as to preserve sufﬁcient detail so that design decisions
could reﬂect the true requirements of the enacted work. The three
representations derived from the user-centered design literature
(persona, scenario, and user story) focus especially on conveying
a vivid sense of the realities of work as experienced by the workers
themselves. These representations provide the essential missing
bridge between researchers and designers to help us achieve the
goal of successful evidence-based tool design that has too often
eluded us. The design representations that result from the ap-
proach demonstrated in this study can convey contextual under-
standing to system designers and developers. Future research to
demonstrate the usefulness of these methods in a laboratory set-
ting should include: (1) a comparison of system designers’ satisfac-
tion after performing design tasks for public health workﬂow using
ﬂowchart-narrative and persona-scenario-user-story techniques
and (2) heuristic evaluation by experts of the designs resulting
from these design tasks [42].
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